Latent tuberculosis infection (LTBI) occurs after transmission and acquisition of infection, when the tuberculosis (TB) bacteria lie dormant in a person. Nearly one-quarter of the world's population is estimated to have LTBI, yet few studies have been published assessing the quality of LTBI services globally. This paper reviews issues to providing patient-centered LTBI services and offers an example framework to formally assess the quality of LTBI patient care. By applying the LTBI cascade of care model, TB programmes can evaluate the gaps and barriers to high-quality care and develop locally-driven solutions to improve LTBI services. Quality care for LTBI must address some of the key challenges to services including: (1) low prioritization of LTBI; (2) gaps in healthcare provider knowledge about testing and treatment; and (3) patient concerns about side effects of preventive treatment regimens. TB programmes need to ensure that these issues are addressed in a patient-centered manner, with clear communication and ongoing evaluation of the quality of LTBI services. Quality LTBI care must be a central focus, particularly identifying and engaging more household contacts in preventive treatment, in order to halt the progression to active disease thereby stopping TB transmission globally.
Introduction
It is estimated that nearly one-quarter of the world's population has latent tuberculosis infection (LTBI) [1] . Of the nearly 1.7 billion individuals with LTBI, approximately 10%, or almost 170 million people, will progress from LTBI to active TB disease [2] . The World Health Organization's (WHO) End TB Strategy has called for patient-centered care and increased provision of preventive treatment for LTBI to reduce the reservoir of individuals who are latently infected [3] . To meet the target of a 90% reduction in TB incidence (i.e., incidence of less than 10/100,000) expanded LTBI services and preventive treatment will be required globally [2, 4] .
In 2018, the United Nations convened the first High Level Meeting on TB (UNHLM-TB), after which a declaration was announced with a commitment to end TB by 2035. To achieve this goal, the target of providing 30 million people with preventive treatment for LTBI by 2022 was established including: 4 million children under 5 years of age, 6 million HIV-infected individuals along with 20 million household contacts older than 5 [1, 5] . In 2018, it was estimated that 49% of people newly enrolled in HIV care were started on preventive treatment and 27% of the 1.3 million estimated eligible children aged under 5 years were on treatment. Yet in the same year, less than 2% of the eligible contacts over 5 years of age were on preventive treatment globally, representing an important gap in preventive services [1] .
Both the WHO and UNHLM declaration affirm the Lancet Global Health Commission on High Quality Health Systems (HQSS) focus on providing person-centered, high-quality TB care [1, 5, 6] . The Lancet's Commission called for a radical change to approaches to healthcare delivery in low-and middle-income countries (LMICs) by quantifying and measuring the quality of services, which was previously primarily a focus in high-income countries (i.e., Canada and USA) [6] . However, there is insufficient local-and national-level data available on the quality of health systems across the continuum of care [6] . The call for improved healthcare delivery and research on current practices is particularly relevant for LTBI program scale-up. There is a dearth of data on quality of LTBI care and human resource needs to achieve the target of reaching 30 million people with preventive treatment worldwide by 2022.
Framework to assess gaps

LTBI cascade of care framework
In order to provide quality care for persons with LTBI, it is necessary https://doi.org/10.1016/j.jctube.2020.100142 T to understand the complex, multi-staged patient journey known as the LTBI cascade of care. A recent systematic review and meta-analysis identified gaps along the LTBI cascade of care including the following steps: (1) identification of household contacts; (2) initial screening of contacts by placing a tuberculin skin test (TST); (3) reading a TST; (4) conducting a medical evaluation; (5) recommending and initiating LTBI treatment for eligible contacts; and (6) monitoring and completion of LTBI treatment [7] . This systematic review demonstrated that less than 20% of all eligible contacts completed LTBI treatment, however it was also shown that there are losses at all other steps along the cascade (see Fig. 1 ) [7] . While this review highlighted the importance of addressing the losses of patients along all steps in the cascade, to date the majority of research has focused on the completion of treatment in patient care among those who began treatment, including compliance and adherence research or RCTs of shorter regimens [8] .
Although the relative loss is highest at the last step in the LTBI cascade of care (i.e., completing treatment), almost 70% of household contacts do not even start preventive treatment [7] . Public health solutions targeting the steps upstream from treatment initiation, the points in the patient journey where people do not engage with the health facility (i.e., are not identified or screened or do not complete a medical evaluation), are the main drivers of poor treatment outcomes. Gaps in provider knowledge and understanding about the importance of improved contact investigation efforts [9] , ease of TST for screening [10] , and effectiveness of shortened [11] regimens must be addressed. Only by confronting these misconceptions and enahncing training will TB programmes be able to increase the numbers of contacts who complete initial steps in the LTBI cascade and initiate preventive treatment.
In response to the gaps identified at each stage in the LTBI cascade of care, a pragmatic, cluster-randomized controlled trial entitled "Enhancing the public health impact of latent TB infection diagnosis . Numbers in parentheses are 95% confidence intervals. The value for each level is calculated as the product of the valude from the preceding step, multiplied by the pooled estimate for that step (from fixed-effects analysis). Source: Alsdurf H et al. Lancet Infect Dis 2016 [7] (reproduced with permission). and treatment 'ACT4'" was conducted in five countries: Benin, Canada, Ghana, Indonesia and Vietnam. The aim of the ACT4 trial was to evaluate and strengthen the LTBI cascade of care through locally-developed solutions [12] . The primary objective of the trial was to estimate the increase in the number of household contacts initiating LTBI treatment per newly diagnosed active TB patient (index case) within three months of diagnosis [12] . Initial research findings from this trial are not yet published but a country-specific cascade of care identifying the steps with major losses and local solutions to improve outcomes in Vietnam was presented at the 50th Annual World Lung Conference (see Fig. 2 ). These study results provide an example of how interventions to address local losses of patients along the cascade could be used by TB programmes in other settings to improve outcomes for LTBI patients.
Improving quality of LTBI care
As highlighted by the Lancet's Commission, a key to providing quality LTBI patient care is to define, measure and then monitor services [6, 13] . The LTBI cascade of care provides a clear, practical framework for evaluation of each step to equip TB programmes with data on where gaps in care occur at the local level. Care cascades offer two key benefits for TB programmes: (1) an approach to measuring TB outcomes and (2) a conceptual framework for assessing quality of healthcare services across the patient journey [14] . The cascade analysis can be presented in various formats, such as a simple graph (see Fig. 2 ) or as part of dashboards or other tracking systems as a way to engage HCW by presenting results in a timely manner. TB programmes can use cascade analyses for long-term monitoring and evaluation on a local-and national-level, which can then be used to leverage political commitment and financial support for TB care and services [15] .
Applying quality improvement (QI) methods
Quality improvement (QI) in TB programmes was identified by the Lancet Commission as a key approach for improving quality healthcare [6] . QI focuses on improving the quality across all six dimensions of healthcare: safety, effectiveness, patient-centeredness, timeliness, efficiency and equitability [16] . A recent review highlighted that a QI approach will be a necessary strategy to improve outcomes and ensure patient-centered care along the LTBI cascade [17] . In order to provide quality LTBI services, local data should be used in order to maximize the number of household contacts identified, screened and placed on treatment [17] . Applying a QI approach to LTBI program expansion will enable interventions to adapt and target different steps along the LTBI cascade in an iterative manner to measure progress in quality of patient care [17] .
Key steps to improving LTBI services
Improved identification of household contacts and screening services
Contact investigations are performed when people who have close contact (i.e., spend over 5 h per week) with active TB patients are systematically investigated for TB infection or active disease [18] . A key challenge to improving LTBI services is identifying all household contacts who are eligible for preventive treatment. In most LMICs, although contact investigations are technically included in national TB control policies, contact tracing is inconsistently performed due to resource limitations, as well as poor standards, lack of clear definitions of index cases or procedures for contact investigation [18] . A proactive approach to contact screening is necessary to ensure everyone that has been in contact with the patient with active TB disease, including highrisk individuals (i.e., HIV positive patients), is properly screened and tested for LTBI.
In low-incidence countries, such as Canada, LTBI screening for recent immigrants at the time of entry based on demographic factors has been shown to be the most effective, albeit resource-intensive approach [19] . Lonnroth et al. outlined priority areas for global TB strategy in low-incidence countries which includes five priorities related to LTBI patient care directly: (1) providing political commitment, funding and planning for high-quality services; (2) screening for active TB and LTBI in TB contacts and providing appropriate treatment; (3) ensuring continued surveillance, program monitoring and evaluation and data management; (4) investing in research and new tools; and (5) supporting global TB prevention, care and control efforts [20] . But key challenges in this setting include inadequate political commitment to TB elimination, reduced awareness of TB in the general public and diminished clinical expertise [21, 22] .
Healthcare workforce training for TB testing
One barrier to proper testing of patients for LTBI is the lack of knowledge by health providers on how to use simple tools to test for latent tuberculosis, such as a tuberculin skin test (TST). Yet testing is key to determining if someone has active or latent TB. Incorrect administration of TST is a problem, particularly in LMICs. Although international guidelines recommend either TST or interferon-gamma release assays (IGRAs) may be used to test for LTBI, the TST remains the most widely used test in LMICs due to its low cost and ease of use [23] . TST is a relatively simple test but it requires careful training and supervision to establish HCW proficiency to administer and read the TST [10] . To address the lack of simple TST training tools available online, a study tested the accuracy and reproducibility of an mhealth approach for mobile TST (mTST) to train HCWs how to measure the size of swelling directly following injection (TST injection bleb) and 48-72 h (TST induration) [10] . Results showed that the mTST approach was reliable for assessments of injections, and for detecting indurations 15 mm or larger [10] . This study highlights how innovative approaches, such as the use of mobile health technologies, can provide simple, affordable solutions to increase screening and testing for LTBI, particularly in LMICs.
Comprehensive medical evaluations
Alsdurf et al. identified a key loss along the LTBI cascade at the point of patients completing medical evaluation [7] . Chest radiography (CXR) is a highly sensitive test to detect pulmonary TB, and is used in medical evaluations to rule-out active TB disease before providing preventive treatment [18, 24] . But the lack of skilled readers, high cost of equipment as well as the need for expertise to interpret chest x-rays in resource limited settings, poses a challenge to ensuring medical evaluations are completed properly [24, 25] . Computer-aided detection (CAD) uses software programmes to interpret digital radiographs and detect radiographic abnormalities consistent with possible active TB [24, 25] . Findings from a systematic review of five studies on CAD for TB demonstrated that CAD software was capable of achieving similar accuracy as non-expert clinicians [24] . And a recent study in highburden TB countries, found that CAD had the potential to be used for TB screening [25] . While additional research is needed on CAD technologies, this is an exciting potential solution for the longstanding barrier of diagnostic delays for LTBI patients.
Shorter and safer LTBI treatment regimens
LTBI preventive therapy has been available for over 60 years to prevent the progression to active TB disease, which is an important public health benefit [11, 26] . As with any preventive health service, however, it can be difficult to treat people with LTBI who are asymptomatic and feel otherwise healthy [11] . Like many chronic diseases, it can be emotionally draining and confusing for patients who do not feel sick to take medication for long periods of time [27] , and thus many patients fail to complete preventive treatment. Yet the consequence of progressing to active TB disease are serious and thus preventive treatment for LTBI should be prioritized. This will require high-quality, patient-centered care approaches to educate and discuss treatment options with household contacts to ensure they understand and agree to treatment [11] .
There are currently four available treatment regimens for LTBI that have evidence to support their use: (1) isoniazid for 6-9 months, (2) rifampin daily for 4 months (4R), (3) isoniazid and rifapentine weekly for 3 months (3HP), or (4) isoniazid and rifampin daily for 3-4 months (3-4HR) [9, 28] . Based on results from two recently published randomized controlled trials 4R was non-inferior to 9H among high-risk groups, and treatment completion rates were significantly higher in the 4R group [29, 30] . Concerns about safety of preventive treatment has historic significance, particularly given the hepato-toxicity that has been a serious concern for isoniazid preventive therapy (IPT) [31] . Preventive treatment regimens with 4R and 3HP have been shown to be safer than isoniazid in trials and observational studies [29, 30, [32] [33] [34] [35] a notable improvement to the patient treatment experience. Providing patients in LMICs with shortened treatment regimens that are easier to complete and less toxic would enable more people to get on treatment, thereby closing the gap in the last step of the LTBI cascade [11] . Furthermore, a reduction in time on treatment will have an enormous impact on the quality of life for patients [11] , by alleviating the psychological stress and fatigue from taking medication daily over such a long time period.
Shifting to prioritize quality LTBI care
There is more than sufficient evidence that preventive treatment of LTBI should be part of a comprehensive and epidemiologically sound strategy for TB elimination [11] . The joint push from the WHO and UNHLM-TB has provided clear justification and strong support for expanded LTBI services globally [1, 5] . Recent emphasis on the need to improve the quality of healthcare in global health [6, 36, 37] , has increased the attention on providing comprehensive LTBI services.
Patient-centered care should be driven by continuous input from the intended beneficiaries (i.e., LTBI patients) [15] . TB programmes looking to expand LTBI services must work hard to better identify all eligible contacts and seek patient input to determine local solutions to keep patients engaged in their care journey. It is also critical to consider how expanded health services for better LTBI patient-centered care will impact the workload of HCWs, particularly in high-burden TB settings. Initial results from the ACT4 trial showed a statistically significant increase of 11% in the proportion of HCW time spent on LTBI activities following the intervention to evaluate and strengthen LTBI services (data submitted for publication). Importantly, these increases in HCW time resulted in LTBI services that were signficantly improved following the ACT4 intervention. As seen in sites such as Vietnam, less than 5% of eligible contacts completed all steps along the LTBI cascade at baseline (see Fig. 2 , blue line) compared to over 80% completing each step following the intervention (see Fig. 2, red line) . These results demonstrate that extensive planning and resource allocation will be needed to ensure there is well-trained and sufficient staffing of TB programmes. HCWs must have adequate time throughout their workday devoted to LTBI services in order to be able to provide patient-centered care and expanded LTBI services without negative impacts to care for other patients (i.e., active TB).
However this will require significant financial commitments which are currently not available for LTBI services globally. The 2019 WHO Global TB Report estimates show that US$10.1 billion was required for TB prevention, diagnosis and treatment, yet there was a gap of almost US$3.3 billion. And of the estimated total, US$0.3 billion was for TB prevention services thus accounting for less than 3% of the total TB funding globally [1] .To achieve the End TB Strategy goals, it will be particularly important that political and financial commitments to TB services not only continue but also support the expansion of LTBI patient care activities.
Conclusion
The Lancet Commission's HQSS framework has emphasized the importance of strengthening the healthcare workforce to improve patient-centered care. The numerous steps along the LTBI cascade of care pose challenges, but also opportunities to engage patients to ensure services meet their needs. TB programmes can improve the quality of latent TB services by implementing regular and standardized evaluations of the LTBI cascade of care with implementation of interventions to resolve gaps in care. This will lead to improvements in identification, diagnosis, treatment and retention in care of persons with latent TB. Ultimately, this will reduce the numbers of persons developing active TB disease thereby bringing an end to TB globally. 
Declaration of Competing Interest
Neither of the authors of this manuscript have any conflicts of interest to declare.
